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Abstract 36 
In this study the interplay effects for Enhanced Dynamic Wedge (EDW) treatments are experimentally 37 
investigated. Single and multiple field EDW plans for different wedge angles were delivered to a phantom 38 
and detector on a moving platform, with various periods, amplitudes for parallel and perpendicular motions. 39 
A four field 4D CT planned lung EDW treatment was delivered to a dummy tumor over four fractions. For 40 
the single field parallel case the amplitude and the period of motion both affect the interplay resulting in the 41 
appearance of a step function and penumbral cut off with the discrepancy worst where collimator-tumor 42 
speed is similar. For perpendicular motion the amplitude of tumor motion is the only dominant factor. For 43 
large wedge angle the dose discrepancy is more pronounced compared to the small wedge angle for the same 44 
field size and amplitude-period values. For a small field size i.e. 5 × 5 cm
2
 the loss of wedged distribution 45 
was observed for both 60º and 15º wedge angles for of parallel and perpendicular motions. Film results from 46 
4D CT planned delivery displayed a mix of over and under dosages over 4 fractions, with the gamma pass 47 
rate of 40% for the averaged film image at 3%/1 mm DTA (Distance to Agreement). Amplitude and period 48 
of the tumor motion both affect the interplay for single and multi-field EDW treatments and for a limited (4 49 
or 5) fraction delivery there is a possibility of non-averaging of the EDW interplay.  50 
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Introduction 60 
Tumor motion in radiationtherapy can be classified as inter-fractional (between treatment fractions) and 61 
intra-fractional (during the treatment delivery).  Intra-fractional organ motion can result in two types of 62 
effects, the dose blurring effect, caused by the non uniform dose distribution delivered to a moving tumor 63 
resulting in the over/under dosage [1, 2], and the interplay effect, observed during dynamic delivery with 64 
intensity modulated radiation therapy (IMRT) [3, 4] or enhanced dynamic wedges (EDWs) [5]. The 65 
interplay effect results from similar velocities of tumor motion and collimators causing a regular 66 
perturbation in the intended dose distribution. 67 
Respiratory intra-fractional organ motion has been studied [6-9] and for lung tumors up to 5 cm of motion 68 
has been observed [10]. Pemler et al. [5] using numerical methods studied the impact of wedge angle, 69 
amplitude of organ motion, beam energy, dose rate and the phase of respiratory cycle on the interplay effects 70 
using single field treatments with an EDW moving in the cranio-caudal direction only. In this study a single 71 
fraction delivery was studied using treatment planning software. The dose discrepancies were highest when 72 
collimator and organ motions were comparable in magnitude. Sidhu et al. [11] also investigated the interplay 73 
effects for a two field breast delivery over a single fraction; comparing physical wedges, dynamic wedges 74 
and IMRT plans for three collimator speeds where tumor motion was in the anterior posterior direction. 75 
They also concluded that the deviations from the static case are highest when the collimator and tumor 76 
motion are similar in magnitude.  77 
For IMRT treatments the interplay effects have been reported to start averaging out within the first five 78 
fractions of the treatment [12-14]. IMRT and VMAT have replaced 3D conformal radiotherapy treatments 79 
(3D CRT) for several clinical sites [14, 15]. However despite their potential advantage every patient is not 80 
treated using these modalities, as there are associated issues such as cost, proper dose verification and QA 81 
etc. which amounts to a lot of work for the physicist in the clinic. Therefore 3D CRT treatments employing 82 
dynamic wedges is still a standard part of the radiotherapy treatments centres [16]. Despite detailed interplay 83 
studies for various IMRT techniques, there is a lack of experimental data for multiple field fractionated 84 
EDW deliveries. It is important to examine EDW-based interplay effects since a large number of non IMRT 85 
treatments employ dynamic wedges. For this study we experimentally examine the effects of interplay 86 
between EDW motion and patient motion, for single and multiple field treatments.  87 
Methods and Materials 88 
Equipment 89 
Dynamic wedges employ the movement of beam shaping collimators with the help of computer control to 90 
generate a wedged dose profile [17]. Varian (Varian Oncology Systems, Palo Alto, CA) has upgraded its 91 
dynamic wedge implementation to EDWs whereby several improvements have been introduced [18]. These 92 
include the ability to generate symmetric and asymmetric wedged fields, availability of more wedge angles, 93 
an increased field size up to 30 cm, and fewer segmented treatment tables per photon energy (STT) etc. The 94 
wedge was commissioned according to the vendor’s EDW Implementation Guide (Varian Medical Systems, 95 
Palo Alto, USA) [18]. Commissioning measurements included verification of jaw motions, field size 96 
definitions and wedged field shapes using both the light field and the radiation field. Additionally, dose 97 
measurements required for treatment planning were obtained using a linear array of ion chambers immersed 98 
in water. These dose measurements included profiles for all wedge angles at various depths, as well as 99 
depth-dose measurements and wedge factor evaluations. 100 
The present study was conducted in three parts. Throughout the course of investigation the tumor motion 101 
was simulated with a respiratory gating motion platform (Standard Imaging, Middleton, USA), with a single 102 
(1D) motion axis. This platform can simulate longitudinal movement between 5 mm to 40 mm in 5 mm 103 
increments. The frequency of motion can be adjusted from 2 to 6 s with increments of 0.5 seconds. The 104 
MapCHECK2 (Sun Nuclear Corp., Melbourne, FL, USA) diode array and EBT2 GAFchromic films 105 
(International Specialty Products, Wayne, USA) were used to obtain 2D dose images and lateral dose 106 
profiles. The MapCHECK 2 is a two-dimensional diode array consisting of 1527 SunPoint diode detectors 107 
arranged in 32 × 26 cm matrix. The detector spacing is 7.7 mm with an active detector area of 0.64 mm
2
. 108 
The device has a buildup and backscatter to the active detectors of 2.0 ± 0.1 and 2.75 ± 0.1 g/cm
3
 109 
respectively. 110 
The EBT2 films were scanned using an Epson Perfection V700 Photo flatbed scanner (Seiko Epson Corp., 111 
Nagano, Japan) operating in transmission mode according to a previously reported protocol [19, 20]. Each 112 
sheet of film was scanned before and after irradiation, elevated above the glass surface of the scanner, and 113 
analysed in the red-channel, without applying a blue-channel correction. A set of small (5 × 5 cm
2
) pieces of 114 
film were irradiated to known doses between 0 and 450 cGy, and the resulting optical density data were 115 
plotted against delivered dose and used to generate a sensitometric curve for the film, which was fitted using 116 
a cubic polynomial. The net optical densities determined in each film image obtained during the interplay 117 
study were then converted into measurements of dose using the sensitometric curve, producing two-118 
dimensional dose maps of each radiation treatment examined. 119 
 For second and third parts of the study, EBT2 films were placed in an IMRT dose verification phantom 120 
(Standard Imaging, Middleton, USA) with lung inserts replaced with custom made inserts and a place holder 121 
for a dummy tumor. It also incorporates inhomogeneity structures with bone and lung equivalents. Radiation 122 
was delivered using a Varian iX linear accelerator, producing a 6 MV photon beam.  123 
Results were compared qualitatively using visual profile comparisons and quantitatively using 2D gamma 124 
analysis [21, 22] with 3%/mmm and 3%/1mm DTA (Distance to agreement) criteria. For image 125 
manipulation and registration, Matlab (version 7.8.0.342, The MathWorks, Natick, MA, USA) and ImageJ 126 
(Version 1.45d, Rasband, W.S., ImageJ, U. S. National Institutes of Health, Bethesda, Maryland, USA,) 127 
were used. 128 
 129 
Single field deliveries to a 2D array 130 
For all measurements 200 monitor units (MU) were delivered at 600 MU/min with Y1-IN wedge orientation 131 
and 0
o
 gantry angle to the MapCHECK 2 diode array. The effect of the amplitude and the period of phantom 132 
motion were investigated for a 45
o
 wedge delivery as it is one of the commonly used wedge angles. Two 133 
geometries were investigated, first where the phantom-Y-jaw motion was parallel and second where 134 
phantom-Y-jaw motion was perpendicular. The platform was always moving in the longitudinal couch 135 
direction (for perpendicular motion the collimator was rotated). 136 
The phantom was initially irradiated with a 20 × 20 cm
2
 field, while stationary, with the MapCHECK 2 137 
placed on the respiratory platform under 10 cm of water-equivalent plastic (No additional backscatter was 138 
used). The platform was set in motion and further profiles were obtained, varying the amplitude (10-40 mm, 139 
in 10 mm step) and period values (3.0, 4.5 and 6.0 s). These period values represented either a faster (3.0, 140 
4.5 s) or similar (6.0 s) tumor speed relative to the collimator. The collimator speed was close to 10 mm/sec. 141 
For each amplitude-period combination a single static and motion profile was acquired. An amplitude-period 142 
was identified from the previous set of measurements (hereafter referred to as the worst case motion 143 
parameters), where for the 45º wedge angle the greatest difference between the static-phantom and the 144 
moving-phantom profiles was observed. 145 
The effects of wedge angle and field size were assessed employing the worst case motion parameters for 146 
parallel and perpendicular phantom-collimator motions.  Large and small wedge angles (for the purpose of 147 
this study large refers to 60
o
 and small to 15
o
) and three field sizes (20 × 20 cm
2
, 10 × 10 cm
2
 and 5 × 5 cm
2
) 148 
were examined. For a particular field size-wedge angle combination a single static and motion profile was 149 
acquired for parallel and perpendicular motions. Furthermore a fast moving tumor scenario was examined 150 
(2.0 s period, tumor speed was greater compared to the 3.0 and 4.5 s period values) for a 20 × 20 cm
2
 151 
delivery with 40 mm amplitude employing a 45
o
 EDW. Finally to assess the impact of averaging in a multi-152 
fractionated case a single field (45
o
, 20 × 20 cm
2
, worst case motion parameters and parallel phantom-153 
collimator motion) profile was delivered over 5 fractions and qualitatively compared with the single fraction 154 
motion delivery. For data processing the MapCHECK 2 inbuilt software was used with its default linear 155 
interpolation scheme to generate the dose maps from the measurement points. The perpendicular dose maps 156 
were plotted Matlab using the inbuilt interpolation scheme. 157 
Patient plans delivered to a 2D diode array and film  158 
Three existing clinical patient plans (A single breast and two lung plans) were delivered to MapCHECK 2 159 
and the EBT2 film and dose images obtained with the static and moving phantom were compared using 160 
gamma analysis. The individual fractions were delivered to the static phantom and to the phantom moving 161 
with the worst case motion parameters. For all patient plans the tumor motion was simulated in the superior-162 
inferior direction. 163 
The first plan was a breast case. The MapCHECK 2 was placed on the moving platform (without any 164 
additional backscatter) for a single fraction, and 2 tangential wedged fields (25º and 20º) were delivered 165 
from their planned gantry angles (treatment parameters presented in Table e1- supplementary materials). The 166 
phantom motion was in the superior inferior direction while the wedge direction was perpendicular to the 167 
phantom motion. The second delivered plan was a four field lung EDW (combination of 45º and 20º) 168 
treatment. This plan was delivered to MapCHECK 2 over a single fraction. The plan parameters are listed in 169 
Table e1-supplimentary materials (Lung #1).  170 
The third plan was a more complex lung case, consisting of five coplanar wedged fields (combination of 45º, 171 
25º and 20º) and an additional wedged field with a 320
o
 couch rotation. This plan was delivered to the IMRT 172 
phantom over two fractions with the EBT2 film placed isocentrically between the two lung slabs in the 173 
coronal plane. EBT2 spatial resolution/pixel size was (0.35× 0.35) mm
2
. The IMRT phantom was placed 174 
along the couch identical to the setup in Fig. 1a (treatment parameters Table e1- supplementary materials, 175 
Lung #2 ) 176 
A multi-fractionated 4D CT planned delivery to films 177 
The lung inserts in the in the IMRT phantom were replaced with custom made foam inserts with a place 178 
holder for a dummy tumor (a cylindrical tumour made up of Polyethylene terephthalate (PET) container with 179 
a diameter of 7 cm and height of 2.5 cm-filled with dosimetric gel), as shown in Fig. 1a. EBT2 film was 180 
placed between the two layers of the tumor in the coronal plane, as shown in Fig. 1b & 1c. The overall 181 
experimental setup is shown in figure 1d where the IMRT phantom is placed on the respiratory platform 182 
moving along the main axis of the couch.  183 
 184 
     Figure 1   185 
 186 
The phantom was scanned using a Toshiba Aquilion LB 4D CT scanner using the Varian’s real time position 187 
monitoring (RPM) system and the 4D CT images were binned into ten respiratory phases. The scan data was 188 
imported into the iPlanNET (Ver 2.5, BrainLab AG, Feldkirchen Germany) for sorting and a GTV was 189 
outlined based on a maximum intensity projection (MIP) reconstruction of the 10 respiratory phased 190 
correlated CT scans.  The MIP CT was exported to Eclipse-External Beam Planning 8.6.17 (Varian, 191 
Milpitas, USA) for dose calculation using the Anisotropic Analytical Algorithm (AAA), where dose grid 192 
size was 2 mm × 2 mm  193 
A four field EDW (60º and 30º) plan was generated (Lung patient # 3, Table 1-supplimentary materials) with 194 
a prescribed dose of 2.0 Gy/fraction. This plan was delivered over 4 fractions using worst case motion 195 
parameters. The collimator-phantom motion was not phase matched (i.e. organ position at the time when 196 
collimator starts moving) because of the negligible phase shift dependence reported earlier [5]. 197 
The EBT2 films (pixel size of 0.35 mm × 0.35 mm
2
) were scanned and the measured dose distributions were 198 
averaged to produce a combined image after delivering four fractions. Motion and static images were 199 
compared using gamma analysis (3%/1mm DTA) and dose area histogram (DAH). 200 
Results 201 
Single field deliveries to a 2D diode array 202 
 Effect of Amplitude and period for parallel phantom-collimator motion 203 
In Fig. 2(a) to (l) a comparison of 20 × 20 cm
2
 static and motion profiles along the central axis (instead of 204 
the entire dose maps) is presented for a 45
o
 delivery with multiple amplitudes (10-40 mm) and periods (3.0, 205 
4.5 and 6.0 s). Fig. 2 shows that both the amplitude (down the column) and period (across the row) of the 206 
phantom motion affect the shape of the profiles.  207 
Figure 2   208 
The static and dynamic profiles show increasing disagreement as the period approaches 6.0 s where the 209 
platform and collimator speeds are nearly similar. Two types of effects can be observed from the profiles in 210 
Fig. 2, firstly penumbral blurring, and secondly the appearance of a step like function within the field. The 211 
blurring of the penumbra increases with increasing the amplitude of motion (Fig. 2a, d, g and j) and also 212 
causes a drop-off in the peak delivered dose. For any given amplitude, with increasing period the step 213 
function becomes more pronounced. Table 1 shows the results of a gamma analysis on the dose maps  for 214 
3%/3mm and 3%/1mm DTA where it can be observed that for any given amplitude the 6.0 s period results in 215 
the lowest pass rate, and that for all periods the gamma pass rate decreases with increasing amplitude.  216 
 217 
Table 1  218 
Amplitude and period of phantom motion are both responsible for dose degradation in case of parallel 219 
phantom-collimator motion. 220 
Effect of Amplitude and period variation for perpendicular phantom-collimator motion 221 
The effect of phantom motion that is perpendicular to the wedge motion appears as a broadening of the 222 
penumbra only, with no major dependence on the period (Fig. e1-supplementary materials). Data shown in 223 
Table 1 indicates that the gamma pass rates for perpendicular motion are almost identical at any amplitude 224 
irrespective of the period value. By contrast, for any selected period, the gamma pass rates decrease with the 225 
increasing amplitude. Evidently, the effects of perpendicular phantom-collimator motion depend on the 226 
amplitude rather than the period of phantom motion. 227 
 Effect of wedge angle and field size for parallel phantom-collimator motion 228 
In Fig. 3, 60
o
 and 15
o
 deliveries are compared for three field sizes (20 × 20 cm
2
, 10 × 10 cm
2
 and 5 × 5 cm
2
, 229 
employing worst case motion parameters). The result of changing the wedge angle from 60
o
 to 15
o
, keeping 230 
the same amplitude-period parameters, (Fig. 3a versus 3b and 3c versus 3d) showed an increase in the 231 
appearance of the step function in the dose profiles for moving detector. For the smaller 5 × 5 cm
2
 field size 232 
the wedged distribution has been entirely lost for both wedge angles (Fig. 3e-f). The penumbral blurring is 233 
evident for all field sizes and both wedge angles, with a more pronounced step function for 60
o
 wedge angle 234 
(Fig. 3a). In Fig. 3 (g-i) profiles for a higher tumor speed compared to the collimator (2.0 s-period) are 235 
shown depicting penumbra blurring without the appearance of the step function.  236 
 237 
                         Figure 3 238 
The effect on a multiple fraction single field delivery 239 
Fig. 3j & k show the results of a multi-fraction 45
o
- parallel delivery (20 × 20 cm
2
 field using worst case 240 
motion parameters). It can be seen that after 5 fractions the step function has smoothed out, however the loss 241 
of penumbra remains. 242 
The effect of wedge angle and field size for perpendicular phantom-collimator motion  243 
For two wedge angles (60
o
 and 15
o
) and three field sizes (20 × 20 cm
2
, 10 × 10 cm
2
 and 5 × 5 cm
2
, using 244 
worst case motion parameters) the perpendicular motion has been compared (Fig. e2 in the supplementary 245 
materials). A penumbral broadening can be observed for 20 × 20 cm
2
, 10 × 10 cm
2
 field sizes for both wedge 246 
angles. Also for small field size (5 × 5 cm
2
) the wedged distribution is completely lost for 60º and 15º wedge 247 
angle.  248 
Patient plans delivered to a 2D diode array and film  249 
The results of the first lung plan delivered over a single fraction are shown in Fig. 4(a-b). Only 79% of 250 
pixels passed a gamma criterion of 3 %-3 mm with Fig. 4b demonstrating dose blurring and a change in the 251 
shape of the dose distribution.  252 
Figure 4   253 
For the breast plan (Fig. 4c and d) motion has resulted in under dosage (compared to the static image) with 254 
89% pass rate at 3 %/3mm DTA criterion. The result for the second lung patient are shown in Fig. 4 (e-h) 255 
where compared to the static case (Fig. 4e) for fraction 1 and 2 (Fig. 4f and g) and the average of the two 256 
fractions (Fig. 4h), there is visible dose blurring and under dosage also indicated by the 52% pass rate at 3%-257 
1mm DTA.  258 
A multifraction 4DCT planned delivery to films 259 
The result for the final set of measurents is shown in Fig. 5 where the film dose maps have been generated 260 
using Matlab software. For the static image (Fig. 5a) there is no visible dose degradation. The subsequent 4 261 
motion fractions (Fig. 5b-e) display a substantial but unequal increase in the irradiated area. In Fig. 5f-h the 262 
motion averaged images have been presented . The overall result of delivering 4 fractions (Fig. 5h) is a dose 263 
image with  reduced sharpness of the edges and increased blurring, suggesting an increased dose outside the 264 
planned target area.  265 
 266 
Figure 5   267 
The gamma analysis at 3 %-1 mm (Fig. 5j) also suggests that in this  case,  dose avergaing over multiple 268 
factions has not improved the outcome;  the overall pass rate (40%) has not improved after 4 fractions. The 269 
cumulative dose-area histrogram in Fig. 5k describes the extent of loss of PTV coverage as a result of 270 
motion. Fig. 5k indicates that whereas for the static phantom, more than 90% of the area of the PTV was 271 
covered by a dose of 2 Gy, for the moving phantom, less than 70% of the area of the PTV was covered by a 272 
dose of 2 Gy. 273 
Discussion and Conclusion 274 
This study has experimentally investigated the interplay effects for single and multi field (fractionated) 275 
EDW treatments for both parallel and perpendicular motions. For single field parallel delivery, the dose 276 
distribution is dependent both on the amplitude and the period of tumor motion, as shown in Fig. 2 with the 277 
appearance of a step function along with penumbral cut off. The disagreement between motion and static 278 
profiles increases when the collimator-tumor speeds are comparable (6 s case). This observation is consistent 279 
with earlier findings by Pemler and Sidhu et al. [5, 11]. The appearance of a prominent step function as the 280 
period approaches the 6 s value is similar to an interplay-induced step function illustrated  by Pemler et 281 
al.[5].  282 
For perpendicular motion the penumbral cut off increases as the tumor motion amplitude is increased, 283 
however the period of tumor motion seems to have little effect as indicated by the constant gamma values 284 
across all rows in Table 1 without the appearance of any step function for both 3%/3mm and 3%/1mm DTA 285 
criteria. However it should be noted that Further, just because a pass rate is low, it does not necessarily 286 
imply an under-dosage. The blurring-effect due to motion may result in an under-dosage to the target inside 287 
the field and an over-dosage outside the field. 288 
Dose differences observed for parallel motion are greater with the appearance of a more prominent step 289 
function for a larger wedge angle (60º) (Fig. 3a) due to the steeper dose gradient involved (Fig. 3b). With a 290 
reduced field size (5 × 5 cm
2
) the wedged dose distribution is lost for both large and small angles (60º and 291 
15º); this is probably caused by the large amplitude of the tumor motion relative to the sizes of the smaller 292 
fields. For perpendicular motion for the same field size, there is a more pronounced penumbral broadening 293 
for large wedge angle (60º) compared to the smaller wedge angle (15º). Similar to the parallel case for small 294 
field size the wedged distribution is completely lost for both wedge angles.  295 
For the multiple fraction treatment planned specifically for the moving phantom, difference between dose 296 
maps (shown in Fig. 5) can be attributed to the random starting phase of the motion. It is clear from Fig. 5j 297 
that for the combined fractions the gamma pass rate (corresponding to images in Fig. 5f-h-dashed lines) 298 
shows no visible improvement indicating the absence of averaging for this particular study. 299 
With a large number of fractions the interplay may average out, as recently reported for a 25 fraction IMRT 300 
delivery by Mohn et al.[23], however as suggested by the authors this averaging will be patient and plan 301 
specific. The amplitude value used in this study (i.e. 4 cm) has been reported for cases of deep inspiration 302 
[24]. 303 
There is scope for further study beyond this current proof-of-principle work. The tumor motion here is 304 
assumed to be a perfectly sinusoidal 1D motion; however actual lung tumor motion can be irregular with 305 
hysteresis [25] and further studies using patient respiratory traces would be beneficial. Similarly the effect of 306 
target deformation [26] has not been considered, assuming the tumor motion to be rigid. The interplay can be 307 
affected by other factors such as the schematics of the 4D CT, Plan complexity, setup errors etc; however 308 
these factors have not been explicitly studied here and were assumed to be the same for both the static and 309 
the motion scenarios. 310 
Furthermore interplay can be affected by the application of motion management techniques. These include 311 
the use of breath hold techniques in gated deliveries such as deep inspiration breath hold [27], active 312 
breathing control [28], self-held breath without respiratory monitoring [29] to name a few. Finally, a 313 
simplistic tumor shape has been used in this study and investigation of more complex tumor shapes as 314 
reported by Court et al. [13] can be a viable alternative.  315 
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 384 
Figure 1  a) Lung insert and tumor in the IMRT phantom b) Tumor film geometry c) EBT2 film placed on top of the tumor in the 385 
lung insert d) Overall experimental setup showing the IMRT phantom placed on top of the respiratory platform. Platform motion 386 
of direction is along the couch’s main axis. 387 
 388 
Figure 2  Effect of varying the amplitude and period of motion for a 20 × 20 cm
2
 45
o
 EDW with parallel phantom-collimator 389 
motion using the MapCHECK 2 diode array where linear interpolation was used to generate dose maps from the diode 390 
measurements.. Continuous line represents the static and symbols (x) represent the motion cases respectively (a) 10 mm-3.0 s (b) 391 
10 mm-4.5 s (c) 10 mm-6.0 s (d) 20 mm-3.0 s (e) 20 mm-4.5 s (f) 20 mm-6.0 s (g) 30 mm-3.0 s (h) 30 mm-4.5 s (i) 30 mm-6.0 s 392 
(j) 40 mm-3.0 s (k) 40 mm-4.5 s (l) 40 mm-6.0 s  393 
Figure 3  Field Size and wedge angle compariosn (a-f), with motion parameters of 40 mm and 6.0 s using the MapCHECK 2 394 
diode array where linear interpolation was used to generate dose maps from the diode measurements., continuous line represents 395 
the static case and symbols (x) represent the motion case,  a) 20 × 20 cm
2
- 60
0
 b) 20 × 20 cm
2
-15
0
 c) 10 × 10 cm
2
-60 d) 10 × 10 396 
cm
2
-15
0
 e) 5 × 5 cm
2
-60
0
 f)  5 × 5 cm
2
-15
0
. A fast moving tumor simulated in g-i with motion parameters of 40 mm, 2.0 s 60 g) 20 397 
× 20 cm
2
 h) 10 × 10 cm
2
 i) 5 × 5 cm
2
.  Comparison of a single filed 5 fraction delivery for 20 × 20 cm
2
 45
o
 j) Single fraction k) 398 
After 5 fractions. 399 
Figure 4  Two lung and a breast plans delivered to MapCHECK 2 diode array and EBT2 films (pixel size of 0.35 mm × 0.35 400 
mm
2
). Motion parameters were 40 mm and 6.0 s, a) Lung patient #1- static b) Lung patient #1-motion c) Breast-static d) Breast-401 
motion. Linear interpolation was used to generate dose maps from the diode measurements. e) Lung patient #2-static f) Lung 402 
patient #2-motion, fraction 1 g) Lung patient #2-motion, fraction 2 h) Lung patient #2-motion, averaged over two fractions. 403 
 404 
Figure 5  Planned Lung patient  (Matbalb generated dose maps where dose in Gy is indicated by the color pallete) delivered to the 405 
EBT2 film in the IMRT phantom, a) Static b) Motion-fraction 1 c) Motion-fraction 2 d) Motion-fraction 3 e) Motion- fraction 4 f) 406 
Motion-averaged over  fractions 1 & 2 g) Motion-averaged over  fractions 1,2 & 3 h) Motion-avergaed over all 4 fractions i) TPS 407 
dose image, j) Gamma analysis, comparing the individual fractions with static case(solid line), comparison of averaged fractions 408 
with the static case (dashed line), k) Dose area histogram calulated from the film data for the static (solid blue line) and moving 409 
phnatom (dashed red line) using the PTV contour from the 4D CT data set. 410 
Table 1 Gamma analysis pass rates with a 3%/3mm and 3%/1mm acceptance criteria for parallel and perpendicular deliveries. 411 
Period (s) 3.0 4.5 6.0 
 
Amplitude 
(mm) 
Parallel Perpendicular Parallel Perpendicular Parallel Perpendicular 
 3%/3mm 3%/1mm 3%/3mm 3%/1mm 3%/3mm 3%/1mm 3%/3mm 3%/1mm 3%/3mm 3%/1mm 3%/3mm 3%/1mm 
10 95 92 96 94 94 90 95 84 92 89 95 84 
20 90 87 91 89 87 83 91 89 87 83 91 89 
30 87 85 87 85 81 80 86 85 79 77 87 85 
40 81 80 82 80 81 79 82 81 80 76 82 81 
 412 
 413 
